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SUBJECTS AND METHODS
Fifty-two patients with various diseases were selected for this study. They consisted of 46 males and 6 females, and their ages ranged from 22 to 78 years. Two kinds of glucose tolerance tests were performed in all of them, i.e., one test was made in the morning and the other was done in the afternoon.
The test procedure was as following.
Morning glucose tolerance test. After overnight fasting, 50g of glucose in 250ml of water were given orally. Capillary blood was collected from the ear lobe in the fasting state and every thirty minutes for two hours after the glucose ingestion. Blood sugar was determined by the micromethod of Fujita and Iwatake.1
Afternoon glucose tolerance test. About five hours after an ordinary breakfast, 50g glucose tolerance test was applied in the same way. This test was made within a week after the performance of the morning glucose tolerance test.
In six cases, two-dose glucose tolerance test was made in the morning instead of one dose morning test. In this test, 50g of glucose were given twice with an interval of two hours, and blood specimens were collected every thirty minutes for four hours. The two-dose glucose tolerance test was previously made to see the Hamman-Hirschman phenome non2 or Staub effect,3 although it is rarely used in Japan since our observations.4,5
The plasma insulin content was estimated in five cases and changes of plasma insulin content after the glucose ingestion was compared between the morning and the afternoon tests. The specimens used for insulin assay were obtained by antecubital venipuncture prior to, and 30, 60 and 120 minutes after the glucose ingestion. Plasma insulin was extracted from 2ml of plasma by the modified method of Jephcott6 and determined by the radioimmunoassay method of Morgan and Lazarow. 7 Our criteria for the capillary blood sugar of glucose tolerance test are: normal, showing values at fasting not exceeding 120mg/dl, peak values not exceeding 170mg/dl, values at two hours after glucose ingestion not exceeding 120mg/dl (normal zone), and showing not glycosuria at any time; diabetic, showing the peak values more than 200mg/dl and the two hour values more than 140mg/dl (diabetic zone); borderline, showing the patterns not satisfying the above two criteria. If a peak value was in the range from 170 to 200mg/dl, or if a two-hour value fell between 120 and 140mg/dl, we regarded these values to be in a borderline zone. Therefore, seven kinds of the borderline pattern can be classified accord ing to the combination of the peak values and the two-hour values, as shown in Table 1 . In this table oxyhyperglycemia is represented as DN. The details of our criteria for the glucose tolerance test was described in a previous paper.8 Of the twenty-seven cases showing a borderline curve in the morning test, thirteen cases gave a borderline curve, nine cases a diabetic curve, and five cases showed a normal curve in the afternoon test.
Of the seven cases whose morning tests were normal, two were normal and five were in a borderline in the afternoon test. There was no case whose test changed from normal to diabetic or from diabetic to normal, whether the test was made in the morning or in the afternoon. Of the twenty-seven cases whose morning tests were revealed to be in a borderline, nine cases showed a diabetic and three cases had a diabetic morning test. This figure seems to indicate that the afternoon test is more convenient to unmask a latent diabetes. Statistical analysis, however, showed no significant difference between the two tests (Table 3) .
It is generally accepted that in normal subjects, glucose is assimilated more easily after a certain period of carbohydrate intake than in the fasting state. This phenomenon is well known as Hamman-Hirschman phenomenon or as Staub effect and the mechanism of this phenomenon was clarified by one of the authors. Hence, a question arises as to whether the afternoon test has a similar meaning as that of the second dose curve in the two-dose glucose tolerance test. Then, the two-dose glucose tolerance test was performed in six cases. The results are summarized in Table 4 . In Case 3 the morning test (first dose) was in a borderline and the Staub effect was positive, but her afternoon test showed a diabetic pattern. Case 6 exhibited a negative Staub effect but his afternoon test was slightly improved as compared with the morning test. Therefore no clear relation ship was seen between the Staub effect and the change in the pattern of the T. Toyota and Y. Goto The levels of plasma insulin during the glucose tolerance tests in the morning and the afternoon were compared as summarized in Table 5 . In four of the cases (No. 1-4), the increase in plasma insulin after the glucose ingestion was greater in the morning than in the afternoon, even though no definite difference in blood sugar curve was seen between the two tests. Therefore, no discrimination in diagnostic value was seen between the glucose tolerance test made in the after noon and that made in a fasting state in the early morning.
DISCUSSION
Roberts9 emphasized that an afternoon glucose tolerance test was a simple and rational test to detect a slight metabolic aberration such as seen in early diabetes mellitus. He recommended this test from the following points: In early diabetic subjects, insulin reserve is limited, so that their insulin deficiency becomes manifest in the afternoon. Postprandial hypoglycemia, one of the symptoms of early diabetes, becomes intensified during the afternoon and early evening.
The present study showed that there is no essential difference between the two tests. None of those showing a normal morning test was diagnosed as diabetic by the afternoon test and vice verse. Our study, however, failed to demonstrate that the afternoon test is more useful and more sensitive than the morning test in the diagnosis of mild diabetes.
In spite of numerous reports on blood insulin level of diabetic patients, our knowledge on diurnal rhythm of plasma insulin is still incomplete. The present study could not provide any conclusion as to whether the pancreas would secret more insulin in the afternoon than in the morning in response to glucose ingestion .
